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(54) LASER BEAM MACHINING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object 
without developing a crack, deviating from the 
predetermined line for welding or cutting on the surface 
of the machining object. 

SOLUTION: A pulse laser beam is radiated on a 
predetermined line 5 for cutting on the surface 3 of the 
machining object 1 under the condition of causing 
multiple photon absorbtion, and making a condensing 
point P agree with the inside of the machining object 1. 
By moving the condensing point P along the 
predetermined line 5 for cutting, a reforming area is 
formed inside the machining object 1 so as to be along 
the predetermined line for cutting 5. By splitting the 
machining object 1 along the predetermined line for 
cutting 5 making the reforming area a starting point, the 
machining object 1 can be cut with a comparatively small 
force. Since in the irradiation of the laser beam, the 
pulse laser beam is scarcely absorbed on the surface 3 

of the machining object 1, the surface 3 is not melted, caused by the formation of the reforming 
area. 
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1 

^7t*{Cfct-tSf-i7>'S'7-«S*3 1 X 1 0' (W/c 
Tfe^MS-f L- . H5iSAnX*t^fj©Wffir?S^ -C >{c?fi-p r 

frieflnxSftiRigjoi^gBcc i'Si^^^ty^a^,^* 

jfM-r^Xfi^ms, u— tfttix:*?^ 

ai*:,'^,K:*jwsh--i'>'>-'7-?ea7!)n x i o* cw/c 
%^mi u . Buiajinx*fa!B?©waiT?S7 xcrSo r 

fl9IBfl[IX*fal^iBl©l'9g|JfCiS^iS!iS«HJi*^tfei:S^^?: 

j^sST-axfi^fflfA^.. u — tf »nx:^3 fit„ 
[i**JS4] i]nx*tfi!gj®rtSp{c«*j^.*^*D-ti-c. 

SI*'^.{c*5WSb--t?A7-lSSASl X 1 0' (W/c 
m') ]::l^L'Cii^-0)^)\^7.iwb^ 1 n s ttTCD^frr- U-if 

Bi)ieSDX*f^!^CDF*igPK®Jlf*:0^^'(tL)tW^-C$)^Ja 

U— !fftIX*?*„ 

[ 5 ] HUie U — !f Tt:?®*^ 6 WW 3 n S U !f Tfe 

«Sj©u— tfi]nx:^ffi„ 

[ i»*3^ 6 ] HUlBtnXS^mtKDI^SPtc^Tfe.'sSSr^iD-B- 

(cisigcD V - -tf tnx:;&iS„ 
s nfcs u — tf 3t^Huiett]xs*«iife<DF«3gi5ccai7£.'i^*-^ 

U— B!rw3»!X^*|^!Bi)©S?l2«S*:'<=,ASt-r-5. 

tt^ii 7 lett© u - If tinx*i*o 

iSi . f;iB»nx*f-|^!^©«M*^^AIf-r-5. u-lf?fe*tB 

CS!*J5 1 0 ] mWim.<r> U — !f3feMifflrlB^»r?^ 

5W'>iC?&o-Cb - If :)t;?S*5r u ^' i:»e{clB^ 3 n/cTfeiH 
gP^^tf^ lt*a7'-9(Dl,imA^{CtfliScDU— tfMX 

[it*® 1 1 ] Buia5Stlt^«S». «fBftix*f^«i©rt 
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^ 1 ~ 1 0 <Dorn*>{cfBiscD -if iiDx:^Fffi, 
mmf-^^ -r >cc?s-QTBiriB»nx>ft*t)«:Wtifr-r 

Xfi=&iiitS. KDli-rn^'tCiBIScDU- 

ifflnx:^^, 

1 3 ] mriB»nx»|^!g?W;^7 7;^?:#tf> 
31 1 - 1 2 ©t,i-rtx*HciBt£cD u--tfjtinx:^& 

10 [IS*® 1 4 ] SufBJnD:?fl^!^«ff®|5t*4*irty> » 

3}<31i~i 2©c»-rti^iK:iB4g©u— «ftt]X:/7So 

Ci»*js 1 5 ] ms.m:Mmmt^^#m^'t-§:ts. 
n^m 1-12 oi,i-rn*>«:tBt8<Du— tfiinx:^s. 

[ ifl^^i 1 6 ] mmtiaxM^mmm $titcu 

©jgiatt«r*-rS. if*Ig 1 - 1 5©Ci-mAHCfB*!(CD 

u— tfttix:^^. 

-/■;^x«se^-;5f->*sff5;SsnT(-i-5.. ii*si~i 
6 (DL>-rn*HcfBis<D u-ifax:^ffi, 
20 [i«5Ra 1 8 ] ^^m^noyi^^m^^^-^f^^ 

-C, Wt^XisV)^\d--!7/-i'7-'mWfi\ X 1 0* (W 
/cm') i^^±•C*5-:3y^•;^Xlfg;55 1 u s «T©^ff=-eu 

-• tf **BB*f 0 > mu^miPtomm^-^'y ■< >fc?& 

»^,'#.{c*3{f4f"i'/<v-mg*n X 1 0' (w/c 

m') iiX±.'C1fir>j^)i.xm*n u st^T©^ftT-U--!f 
3t?rfi3S*0> f!rtBIIStm©W»r^S^-r>K?9o-CH>i 
30 ia)I^W«©|^3|5{C3fcm^«*fl5fi!Er SXfi4« A S . 

t'— tfJrax75-So 

i^craSdlcEgtf HulBfiOX^frnftOrtSPJC -If 

^^^D-as, »*Jii~i 9©i='-rn*^{cia4£<Du— !f 

ftax::'^!*. 

[i«^3i 2 1 ] mwmo^^mc I'-^iUfiwm s 
40 p-ifjinx:^riS, 

fS Tf5ia4i»i*«i^®F*ig[5(c (D^mmmm^^i^m 

[0 0 0 1] 

c 0 0 0 2 ] ^m^u. ^mwmmwL. s.mmmw. 
50 iMi.:^mifcmr^, 
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[0003] 
[0004] 

M*p;5±T^:^rffiiLr. mti. !^g32 000-2 1 

9 5 2 8^&m^^2 0 0 0- 1 546 7#<2rl}«Cga 

^*t7^S-c«. tt]x>Ftm!^©ww-r-2>«BfT^u--tf*cc 
<fc»3Jni^L.. ■eL/r]!jnx*tm!^?r?^-r?.ci(cj:»3. 
flnx>pfmi^«?)^»f-r s®^tcs8i«ss*^D s itxisaxM 20 

[0 005] LA^L. CtlhO'Zino^WiJyiiVit. M 
X>Pfft!B9«:iOS?^««*5:^*t,^t, MX>Pfm^©«® 

eciAi-c^i^jrt^o #{c, flnX>Ptaf5*5ifi^{*'i;x^N, 
^ 5 ;^ SR^mS^ $ - > *i 

i|i^f*g^ •> :7\ MB^^i^^g•?>m®^^•f->*5ii^•r•5. 30 

[000 6 ] *^Hj(Dafi«j«, »nx*t^^©^M(c:Fit^ 

[0007] 

-fma.. flnx*fmi^©rtg|3{c*3fe**^t)-fi-ru— !f3fe 
*M*fL. J]nx>Ff«.^©^w^^7-i'>{ctS'>-cJrax>pt 40 

StiK5©rtSB*c^:)t^K»tS{tc J: sa;SfflJ^^ff$fi£-r ^XS 

[000 8 ] -i^mm^i, u— ^fSpxi^^Sfc An 

l^fI©f«9g|5JC%W«iJg{?:fl5R8Ct:i,i^o tinXSPfmtl©^ 

irT€.li3f(i:f5i6A:'©Sa.>^.75i*^ i, SPXJtm^^itlj? 

^^5-/ >«:?Qr>-C]l]nX*t4St^ASSlin-5C<!:JCj:«P. JD 50 
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x>tt^^;Sr^»f-r^c<t*5-c^?,, j:o-c. mm>\^t 

3 -tt 2, C i ite < JJDX^f ai^©^»r A5pltg i jjc 5. 

[ 0 0 0 9 ] s/c, ^mm<^.h p— !fflnx:^SKj:n 

«. J!)aXMm<Bl©I^SP(C^^e^fC^3t:^F®JR*^*3-tf 
•C« U - 1f (2 i ^ Emi 3 n^j: 0 ©-C . J)DX>rt^^ 

^tsm^Lfizmm<oc6vi>6, ^Bf^s^-^>«ftix 
s>©ia-c'4>cfci^ 

[0010] *j%|g(cC^S !f]tlDX:&ffi«. SOX^tfl 
■7-^^*51 1X10' (W/ c m' ) JW±r*»-^y^*J^y!Llg 

*5i y s«T©^-eu— tf3t*.^»*i/, mTjammco 

<9}»r?^^ -f>(cf&orjjnx>Ffl^%©ratcd7 7 i'M 

[0 0 1 n *i6igK:«S5U'— tf»nx:&!i£ccj:n,«, 

_^^^r7_^g;53i X 1 0= (W/cm') t^±r-!C»i-:^-'^• 
X>lPtl^iK!IO|*33|5«:|^0-r*5'3!)^gfe§n. C4ltCj:l3JnX 

st^!a©rtsp{c i'mmmm^ti^, c© i' ? 
i'tstStt±iaeJcKMJi^©-^jr* s©r'. *f6Hjccfl^^ 
u— tfJ!)PX:)^ffi«:j:n«> ljnx*tia®©aS{e:^ia!-?'^ 

!^c<, i^— !f*ax*ipr#g<tJ:c^>. c©u--tfftix:?3-ffi© 

7fe,'±i©s^^*:^>i»-rs„ 
[0012] *j%aa(c0^^ u— tflinx:*rii». mx^m 
!^©m{csi3ifc,^&*^t)-i*r. *3fe*«cfci:fs t*-^'-'^• 

■7-^5^*^ 1X10' (W/cmO fe^±r•/^^^o^^•;^;^l^i 

WBf^^S7 ^fcf&o -cftnxjpfiiJBjwrtgptcsafeiniaiM 

[0013] *ISl?gjC^S tfftIX:)^iatC J:n{3f. ^JD 
X*ta!BJOI*3lS5«Cft*i^^fci-liT. m,-^jCA>l-t-5 f 
-^yN->7-^g*3 1 X 1 0= (W/cm') W±r'*^OM- 
1 y s JitT©^-CU-1f7£?:KBS*L.rt-i^,. 

mmmmmmi^n^o c ©^ifi5!iffi«s^a±ia?feMM 
m<o-mx$>i<DX. **?^{c^4u— ifJwx:^ffi{cj: 
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[0014] :^mM(rc{^.^ [y-^mnysmt. mjium 

'7-ffiJ^7&3 1X10' (W/cm') iy_tr^;&:»o>'x-;U;^i|ii 

[0015] ^^mcm^ u--tfttx:^^jc m 

-^^^V-mm^^l X 1 0" (W/cm^) fei±r:0:>o>'S 

^#fe^$'ti^Ci35:< , u-lfljpx;&^nnr«gi/j:^„ CCD 
U-1f»[JX:)7ffiOSDX*f^fe!l<i:Lr«. 

[0016] ±^:^mM(fcm^ \y-^mj::ffm(.cmmv 

[0017] ?jnX^^i^cr)|^^BCC«7fe,'^^.^^^:)-^TU-- 
^J^cc:::^^ ^ T ^ C i T&^T' ^ ^ o 

[0018] n'JMm^(jyn^ucm.%^yk^f:>'±'c\y- 
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Jjaxjig* f^X $ -tf 6 c ch ^ ^„ 
[0019] ^mmMi^t. ttix*ta®icDrt3Pic^t?$n 

>Pt0^j^tttc J: 0 . »nX*fmi^cDSffiX<^^»r^S ^ > 

[0 0 2 0 ] ^xiit^. mw^m^ ^ 

mr^. ws^xfMti. ^nmm^m^.tLxmxnmm 
iti^cDx. bbmm'^:^rj:tfxmxMm^^mm'r^c 

20 J]nX>Pt^!B5(D^ffi{C^»f?m 

[0 02 1 ] »[ix>fti^t;<t or. £E»w*4;&s>* 

:^x^tmm^^ ^ 5 ti r c ^^mxMm.mcmm 
30 [0 0 2 2 ] ^mM(fCi^.6 i^-'^mxy^mt. ^mmt 

^m^^'y-fi^i^ciQ^x^mmmcD^mc^mmm^ 
mfSL-r^xm^m^^cti-^mtr^. ^tc *^aa 

tcl^^u-lfMX:^ffi(i. Em«*4cDrtg|5Cc|l3te*^^ 

^DiiT. ai*,*,CC:fo(rt'^f-^/>-'7-Sg:?!?n x 1 0' 
(W/c m') fe^Xr;(?>o>'^•;^x^ti3$l5 1 m s i^TO^ 

40 xEE.mm^(D{^mc^mmm^mfi&'r^xm^m^^c 
t^wmtr^. ctif^ou-v'mxy^mc^itmt. x 
ia*#i?g5c^6 u-irmx:^itmm<omA^c^ n . m 
xnm^(Dmm^m^^mm^%'7 ■< :yt^h9\^rifd^*sL^ 
wj:nri^^^^'±hctu< . v-^mmmxt^n]^ 
ttj:^^ :^§imc%^\y-'^mx-ji'mcid[.^x. mxt^ 
wm\t. "^(omM^cmmom^mmm^nxi^s^ ^ m. 

50 [elSSS|50PBlccff^^$tx/cra»cDa®ccfcC^r, mxM». 
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[002 3] 2f:^Bj«c^^ u— if»Bi:^ffi(c*it<it:. m 

!f3fe*i|Hl!Sg|5(cA5t^-5>©=&E5<-CiAi-C|t> I1S8 

M^Cttj:< ^^':>'t<DmSt»mm L feu U— lfttIX*5oI 

fit <h 4- So fete. ;SK5!iffiM*i!t©JFM»^7fe^^5RjRiOSJll 

[002 5 ] 

[002 6] «T> *^Bg®j>f jilfe^MJMfcoi^r s 

s. 

[0 02 7 ] t^*4©»R4X©^^'> K+'r :/E. J: fe* 
^cDx4^jI/+'-h y*5/^$(,.i;5t^Cc^ajifeS, J; 

<TSinh v>Eo<D^fr (n = 2. 3. 4, • • • 

Jt{^b■-^'>'^•'7-?Bft;^>5 1 X 1 0' (W/cm') «J:CD 
3fe.'=^,cctews u— !f3fe© 1 /^•;^xSft:^)©x4^;^+*-) 

[002 8 ] CCDJ: ^ fe^TfeT-CRHX^rWfla-r S**a?f^ 
J^Kl^-S !f)l)nXCDJ!lSfCOl,=.r|2l 1 ~Ea6 ;feffll>-C 
IftB/l-r-So 0 1 « u— ?fft]X4ioMX^^tl 1 cD^iMH 40 

•c^ 0 , Eizitmi (tcmrmnTdma i o i i - i i 

f5 1 ©^mar-A 0 . 04«03 iCTF-rttxstaiBii o 
I V - I v*F.(c?&o/ciRffigir*f5, mbamsicm-r 

[ 0 0 2 9 ] a 1 SO'a 2 tc^j^T J; -5 K. mTM».^ 1 
©^ffl3KCi^ffif^^v-y>5;!)^^)-5„ tDSr^'Sv > 
5 »iIM««:sWciS^«-c* S. *IS!iS?^Sg(c#S ix 
— t>'*nx«, ^^eKJix*i*c;5^-cjpxm<eji© so 
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mmLx^smmi ^jim-r^, fete. 

[0 0 30 ] U-VytL^mWi'fm'7-{l^5iCiQ-oX 

If -So cn(<:j;f], S3-05K^i^-rJ;^Cc?JcW8MtS7 
*i^»f^^5 -r > 5 tciSo rtjDXSta!^ 1 ©i^gpKo^ 

>ftSt«» 1 *5 U — If 3fe L *®liRr S C t tc J; 0 MX*f«liK) 

1 -tfrHicWM^? *ffjis-r.5©-c»fet,>„ aix 

1 (C U-tf^fe L 3 -t+ttlX^tfl!^ 1 ©F^gpcc 
^J3fe^^jR*l64S-lf-C3StgMii?74}Kfi£Or(,'.S, J: 

or, flnx>!ta^i ©«M3r(iu— !f3feLi!»5ai^^ 
eRJR^^afet^©r. JjnX*fm*Jl©^ffi3:*si§S!l|-rSC 
i«fel,^» 

[0 0 3 1 ] 1 ©^Ktcfca^r . wrs^ 

r . la 6 fc^f J: ^1 ^I:bf59f]/Jv3 fe:^jrtt]X>!tm©i i ^ 
*)]Bfr-5c<t*5r^s. <fcor. )Dnx^ta!|«ii©^ffi3 
K;T;.i;>^fefim;^^is-(+sc ife< Jnx^t^ti i (om 

W^iSortgifeSo 

[0032] fete. L/fcftnXjl*«l^O 
ftIXMm4^JicASe^fe;^j5&iE[lttlSnSC<i:CCj; 

>5. 5femi^4^*<!: L.r»nx*fm^Aii!iti. Dnx*t» 

W^tOKsnsi©^r*So cn«. m^Jnxst^iKj 

©il**iAtC»i«-^©^»ir'*S, A^Wfe*3!>5EujJp3 
nSi», ttIX>PflR1^©^Bt?S7-/>K?9o 

r^)^X)^la©^{cfttm^)■^■^^^KI£:^^^]^xfco. Jrax 

^t^^tcaSM^-^^ S C i CC J; 0 ^it;;^3 ^-atc 

Drsc<hr*5o fficD— ^mmm=^nmt^c 

i tc J: t) . ScMM^^^.'^.i U r JjnX*ffl«!IOBfM*[«rJ 

(iis:*?!*!) K[^;{iiora,mfi|*i. i^ms^jictinx^ffi 
^^s^irsnsii^r^s. cn«. mittax**^^ 
©/?*5!»vjN$ 1,^^, I -^r 4> pjfifer * «? . 

»nx*ti^if5j©)¥^?^A^7*^#c^ti^. m:&l7f^!>cmWi(D^m 
mm=S:mis.r^ctv-^mi:f3:i. fete. c©s^s«ci!i 

txSi^4>. ^»r-r5@^©«ffi±fcteC>r, e^M^iS 

AsjfJfi£3*irt,ife(,igp^}-sr-fim*s5fe^-s c <i:ASfe< . 

^m^'&nmLtc^^o^^mmti} ctti^v^ s© 
r> i«Bf^Mfirj:< -rsci^ir^So a^. i^';3> 

■?x/^^©ifi®f*■^x^^©;¥3^iil< feSfflfSjiC&S© 

r. C©J;'5fe»14©<fcC»fl||li:^i*»A^W3?jOr* 

So 

[0 033] sr. :*:SUt0i!§Kte-t»r^3feTffliiRfCj: 
Off$^3nS55(®ffll|^<i:L.r. ^>:© ( 1 > ~ ( 3 ) 3!U* 

So 
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Milieu ^Jim^^^iT-So C<D*^fl^j}Hg^J:«;»ElX 

-S. v^Vl/Xifi^^mc^ 1 n S'-2 0 0 n s;!?W^bl^o 
^c4b\ ^7t^-®il3JCc J: ^ ^7 ^ ^SSt^^^J^l^. 

114 5 [plW-^1f^ttlXW%^f&:$:« ( 1 9 9 
12^) co|g2 3H-»2 SMCD rgH^U^Hf 

[0 034] *^B^*ti. ^ 7 ^(Oi^^ $ 

(A) »aX*f|^i^ : U (l^lSStl) 
(il57 0 0 Mm) 

(B) U-1f 

« : ^2Sf*l^-1fMiSaNd : YAGU-1f 
: 1 0 6 4 n m 

hKEBS : 3. 14xio-'cm^ 

: 1 0 0 kHz 
>'^*;l/Xiti :30ns 

U--1f:7fep"pM : TEMp„ 

(c) «3tmb>x 

(D) m:Lnmnt'^WM^x\hWM^<D^mm^ : i o 

Omm/# 

[0 0 3 5] m7ict±§mm(D^^m^^'ri^'yyv$> 

l^^v^x<D^--1f3fefcJ:^9*^x>f^m1^fOl^§B 

^'^yn^(DmAX9rs't'f'-^um^miy>:^^ (C) 

omm^^ 1 0 0 fs. mam. ( n a ) o . so om^v 

:^ iC) <0i§m:^^5 om. mnWi. (NA) ifiO. 5 5cd 
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[0 03 6] :XCC. -^WmmJ^^h U-^ifJJOXJCcfoli 
r . {P'yv ^^I^^k: ^ ^JraX*tl^!^CD^»f<D :^ 

XAcc^iiras^-H 1 1 ^fflc^ri^pg-r-So asjc^ 

Tcfc^^C. ^3feTiRiR;&5iD€>^ffr'aX>ft^^l(Drt 

SP^c|i7fe,«^.p:&^^D-if ri^--tf^feL^ttx*ffi^ 1 {Cfl§ 
10 1^ L r ^»f^ ^ ^ Y > ccvS o r i^gpcc ^ ^ ^ smls 9 ^ 

^ 5 jJDX>ft^1^? 1 CO^ffi 3 <?: gffi 2 1 fCiijig L . 

SI ncm-r J: ^ ic^jDXM^^ 1 :^^^««in ^cti^c^^m 
[0 03 7 ] ( 2 ) y^mmm^mmimmmom'^ 

^[^iJ^ 1X10" (W/c ) \^:X±Xi)>'O^^JVyi.m-^^ 1 

{mmtLfcmmpi&^mmm^^mtbfcmmti.^ "yet 
Lfcmmti.^'ycthx^^. osfr). m^it. mm^ 

m^imBWi^'j^>mmx^^. tj:^. mn^&<D± 

WMtLXU. m^i^tl X 1 0'^ (W/cm^) X$> 
^^•>»^:?^^S^*mtf lns-200ns Ut^ 
40 [0 0 3 8 ] r?>'^^>'>cortS|5T^i4 

(A) mxMm^: ->'J=J>'^x/^ (/1$3 5 0 jum. 

(B) U--tf 

Tt-a^ : ^mWiy-'^'mmNd : YAGU-1f 

: 1 0 6 4 n m 
Iy-V'yt7.yi<y hmmm: 3, 14xi0-*ciii' 

50 : 1 0 0 kHz 



n 

^^Vl'Xilii :30ns 

ffi;^ : 2 0 /u J/>'^*;^;^ 

(C) «*fflU>X 
: 5 0 fg 

NA : 0, 5 5 

(D) muMmmtmm^^ri^ms^o^mwjmm: i o 

Omm/# 

[ 0 0 3 9 ] El 1 2 (i±ia^f^"CO U MXiC<=t D ^ 
8fr 5 ti/cv' U ^ > -t? :c ^aO— spec fctt DicD^*^a 

[0 040 ] mwmmmm i 3 5&^^3feT-eKiR^c j: o 

i;=3>S«OJl^t :0^5 0 Mm. 1 0 0 Mm. 2 00 m 
m. 5 0 0 Mm. I 0 0 0 um<D^^ (,C'Ol>X±ME^% 

[0 04 1 ]Mx.{^, Nd : YAGU-1fcD^gSr^'2> 
1 0 6 4nmCC43li-C. U n >SS<Djl<^^3655 0 0 m 

^t^^N 1 1 CDi^SCJS 5 0 MmT^-SOr. 0^3i£-?-®iRCC 

mm^^^ 1 7 5 MmCDSP^CCjfB^^ti-So ^CD»^(D@ 
M^iS:. J?$2 0 0 MmCD^'';:3>'^x>'^^Sr##(C■r€> 

<b. QO%a±r^<DX\ ^-tf*3^)^>";::3>'^?:c>'^ 1 1 

5o C(DCt{t. 5^'; n>^:*:^N 1 1 cDF^airu— !f7^ 

m^mmme 0^(200 0^4^) (omi zm-^mi 

[0 042 ] i^jrfc. 5^yrI>'^^y^«. 

fe^.<bor»fffl:^r^fcr&];&:>orim*5fe^3'ii. -eon 

n?:?^ 3 > y ^ cD^ffi i ^ m tcf ijif-r -5 c cfc 
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10 [ 0 0 4 3 ] ( 3 ) e(MMt^:^^^;Sf;f*^fbSMt^(Z)it^ 

^^t>'tir. Jl7fe,«^.^*54:f'2>m^?$tt?^/n X 1 0' (W 
/c mM «X'e;^l>oy^•;^;^ltg;^)5 1 n s WF<D^^vm 

^^<D±mmtu'Ci^t. 1 X 1 0*' (w/c 
m^mmm^^^mt. m^\t. m4 2iPiu-if^^x 

W^^it^ ( 1 9 9 7^. 1 1 >g) com 0 5 H--m 
1 1 IHO r:7xA h#U— !f--M*t^cj:S;^7^;;^rta5 

[0 044] yccc. *«igff$SicD:aft«?il4l)i?g-r-So 

oi^Ti^feHjf So la 1 4i*ccD;^i*(cfiefflr^su--tf 
flPXilg 1 0 0 OfEBSlf So tf flDXSIg 1 

30 OO^i. tf*L^^-rSU-tf3t?^l 0 1 <!:. U 

- if L CD W;^ V ti^^ pffi-r S /ce6 tc u -if 36 
a^l 0 l?:M®-rSU— »f3teWJfflIg|51 0 2i. tf 

0" ^x-SJ^^ccieg^n/c^v^P-f ^-1 0 

3i. ^-f^P-r 0 3-CSW^n/c:l^-if 

0 5 T'«3fe$tl/c U--»f3feL?^Jlff^«$nSftlXm®l 1 
7!)^t£g3nStgg^ 1 0 7 tgg^ 1 0 7 ^Xtt^ff^ 

fc^ttS-fi'Sfc25?)<DXW;^T'->^i 0 9<h. iga^io 
1 1 0 7^x«&«>'Ytt:^f^ 

13i. cn6Xoc7:);?;f'->^ 1 0 9, 111. 113 

(D^n-^wm^y^T-'ywmt^i 1 5i. ^fix.So 
[0 04 5] Tmn^\mTMmA 1 cd^bs ia^^-r 

^-nw^o:^^. flDX*fl^iB?UcAlt-rsu-lf*L<D:» 
,«:?.iSS<7?:^r^i5^^So ci:-:>T. Z#::^r'-s;^l 1 3^Z 
f4:^f^^c^ffii$iiSciCCcfcf3. ffi]X>fd-mJe2 1 oi^^Bcc 

50 coas7t.«^^.p<Dx (Y> #:&i^cr)j^s&«, mxMmii 
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(Y) 0 9 ( 1 1 1 ) {Cj:f:)X (Y) 

#::^f^ic^t&5i^^citcj:«3ff ^» X (Y) ttxf--- 

1 0 9 (111) timW)^^<D—mtf^^o 
[0 04 6 ] l^—^^m 1 0 1 lit^^Jl':^ U-1f3fe^%^ 
r^Nd : YAGU-1fr'S>^„ U-if^S® 1 0 HCffl 
C*-SC:<!:;03r-#^lx'-1fiL/r. CCDffe, Nd:YVO 
tf. Nd : YLF U-if-^^^>1^>'T-rr 

Nd : YAGlx-1f. Nd : YVO^U-lf. N 

d : YLF u-v'^m^^^mmmv^^. m^m^it lo 
[ 0 0 4 7 ] m m-cittrnxTf^mm i oiidxcc/vvu::^ u 

[0 048] u-tfiraxsgi 0 o&i$6cc. mm^ i 

7lE:W±CCBBaSn/cpIta^fliCDt^-A;:^:7*U 1 1 9 
*M;?.'So t:*--AX:7*i; ^ 1 1 9 i*^^U>X 
1 0 btm^^^A^^A-j^^'y-X 0 3:^?3ieg^^ 

7&^^>f^P-r-:^^5^-l 0 3:^C>m:*^U>Xl 0 5 
^MjflO. »QX*tl^iB3 lCD^U»f?^^-l^>5^^^tf:^ 
ffi3^M0^t-'^o 
[0 04 9 ] U-tPJraX^gl 0 O^^^^CC, t'-AX 
1 19, 02>m>mit 
ffiU>X 1 0 5 i|5j03feW±tCi5S$ti/c}S1t^^l 2 
m(>'MftU>Xl 2 3^1ix.'^. Jl^S^l 2 1 40 
XUm^itCC D (charge-coupled d 
e V i c e> iJA^ff^^^,^ ^Br^^-^ > 5^^#tP 

05. 3^>r^n^ "j.^^^ ^-1 0 3, t'-AXr?*'; :S? 

1 1 9*^iiSL. M«L->xi 2 STS^^nrjn^^ 

[0 05 0 ] u-ifjjnx^^i 0 otj^^cc. Jt^*-T- 
1 2 i^6m:^§n/clim7^-^;^)^A;^5n6}lf^x- 

^^ftJlgP 1 2 5 <h . U — !f flPX^S 1 0 0 ±»?:$fjffll-r 
^^f**IJiaig|5 1 2 7 i . ^r.^l2 9<!:, ^ffi|;t'2>. « 50 
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Tfe^a 1 7r'mL/cpita3fea)ji.«i?.3&i^ffi3Jitc^^i± 
L>rxx->^$f]fflgpi 1 s^^zM^^T'-t^ 1 is^^m 
Jcr^o cfc^r. fimf'-^J^MSSPl 2 S&i^f- h:7* 

1 2 7 5C3^6n. :^»*IJ»r&«5^Sd5;^j:5n. "^s^ 
^ 1 2 9JC5^6n^o CtiffCj:^^ -tr.^ 1 2 9 5CffiA 

c 0 0 5 1 ] ±»mm^ 1 2 7 (fCJct. >^7^-i;^tij» 1 

i^Sfjaissi 0 2. mmmytmi i 7aa^;^r'-t?Mfflsi5 
1 1 5^M®-r€>ci^cj:o. u-ifjjnxi^si 0 0^ 

[0 0 5 2 ] ;xcc. m 1 4^o'ii 1 5 ^fflo^r, *^j!fg 
ff^.®<Dig 1 M^c^^ u-vmxioii^mmr^. m i 5 
ta:. cou-v'mx.yjm^im-r^rci^oy a-9'i^- 
[0 0 5 3 ] ^r. mxnm^ I (D^mi\mit^m^^b 

t^r. flnx>!t^iB9itc*ti.rMB^?:c^gsxti?Rifx©ii>^c 

c^?S:S<Du-if*L^^-r6u-if7t;ri^i 0 i^mm 
(s 1 0 1 ) . jjax^t^i^KDii^^Sfj^-r 

MS CD?gfJ^S:§ftS:0'JlDX>c*l^^ 1 <Z)ISJffm*S{C L 
MX>(ta^if7:)Z$i^[^o#ttM^?^^T^ (si 

0 3) o ctit^. u-v'^LCDm^j^.p^mTMsmi 

[0 0 54] mxMmm i n^-ifmxmm i o oois 

M-^i 0 7(cigg-r^o ^ur. mmmycMi 
'^mit^^^i^xiiwjj^mm i ?:MB>^-r'5 ( s i o 

5) o Bp^3n/c^»r^^7^^>5*^t?JjnX*tmf51 

CD^M3 ^W^mT 1 2 1 CCJ: {^Jt^T^o CCDm^y" 

-^\^cm'^\.>'cmw-f-^mm 1 2 5(3:®^ffl7e:3^ 1 

1 7CDoja7fecDJfe^.:^ii«M3^c&g'r^i:^m*.f'-- 

^^mw^t^ (s 1 0 7) o 

[0 0 5 5] C ©jS.'^^.T^- ^(S j:^ r^- i^^JISglS 1 1 5 

SccLTZii:^T'-i;^i 1 3^z#:^r^cD^i&$-t^>E. 

(S 1 0 9 ) o cnccj;^). M^fflTtaSl 1 7<Dpim3fe 

<Dm.^.y)mm3(iCiiLm'r?>. ji^sf^-^^iBftsgBi 

2 5^S}am^-5?(cS':yi>T. W»r?^^-f >5^^tf 
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muMm^ 1 (omm 3 (DW:Ammy'- ^ ^vt#-r 5o c 

[0 0 5 6 ] ^<$M®JgP 1 2 7 tC^i^dbXr* :7-S 1 0 

3x*^^tifcmwsmr-^f>sxt}^tir^K} . com 

Sif€> (S 1 1 1 ) „ 

[0 0 5 7 ] ;^CC. U—tf^agl 0 1 ^(^^^U'-ifTfeL^ 
b-1f7tL«:ttX*t^Wlcr)*ffl3CD^»T 

5 i ^ cci3in:*f^l^ 1 cDF^sp^cff^/xR-r ^ ( s i i 

3) o -eoT. j]nx>?ta^ 1 ^^8^^'^-/>5^ffi^ 20 

Tfttf^CitcJ;^. SnxmigJl^^/JBr-r-S (SI 1 
5) o cntcj:^. ttJXJ^I^^l ^S^';n>^ .:.:7*5c^ 

[0 0 5 8 ] ^iwtD^am^iji^g-r^. cn^iiti^s. 

Sf^^^bMJUc) ^^»T^S^-Y>5fcr&^cfc^ccjpx*f 

m.^. t L xmm'^m ^ > 5 ^c© ^ xmn^m^ 1 

^citcj:0. l:beje^/h?^cc:^r'»ux>(^^iK9l^^»f-r 
'Sci;:?^^^^. cntc<i:o. finxs+m^^f icD«M3cc 

c <b 5& < »Dx>ptiRi^!i 1 ^mm-r^ ctt^x^ 5= 
[0 0 5 9 ] ^/c. ^1 Mtcj:n«. :»jax*f^^ 1 cc^ 4o 

>5ccfigWL'rc^^. J: -or. u-if:*Li^Jnx 

[ooeo] i^:x±mmLfcj:^ (^cm I m(^c J: ta^t. »nx 
*t^i^ 1 (D^m 3 ;c^»r^^^ > 5 ^^h9\-rifc^j;i^ 

rj:mti^i§m^^^l:>^ c i J^cC < . MX>(t^tf l *^»rT 
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mm ^cmiF-r^^^ >^f)mm^inxi.>^ muMm^ cc o c * 

xi:>mmx^^. cfco-c. mim^cj:hiit. mxy(m^ 

[0 0 6 1] tfc. mi j:n^^. ttix>(+i^% 1 (Dm 

m3<DmWr^M'y^>5itmWlOtzi,^(DX\ ^»f^S^ 

-Y>5cDifii (cornet, m^itmmw'tf y^^>^<Dm^. * 

CtiCCj:0. -tSccoJjnX*tfli^l;&:>6f^l5!$n^ 
MfaOi4;:>5Jix.. m&(D^fim^m±^^^^Ctti^X^ 

[0 0 6 2] ^/c. ^1 mdcJ:ti\ct. iMJiMmi 1 
-C^orli. mi Wtc<i:tit^^WttlX7j>^pJtgiJ^j:^o C 

[0 0 6 3] i'—^'%mu—>i^cm^rmm:t 

X$>^. CtlU. ^-^(Dly-V'ytmi ^, 17, 19;^^ 

jft.^.p^^t>'fixmf£^yjmf)>hmmLXi.^?>. tf 

7t:-^15, 1 7*^6 OS U-1f3t ^ijjnx^a^Kji o^m 
3?(?^6Alt'r^» U--tf7feSl 9;&^6cDb-1f3feiSttX 
*fm!|aiCD«ffl3;5P6A*f-r5o C^cfctl^. 1S^<DU 

^ ^• »7 ;:)VJ^ $ L u -ff 3tr * r 4. . 
<Dm^a^^7t^g^il3j7:)^^^-r A^ ^ OCT'S c (b;^)^ 

mx{tE.-:>(DU-V'itMl 5. 17. 1 9 <fc 0 ai^t."^. 
[ 0 0 6 4 ] la 1 8 {3: U— tf7fe?®5:)^S^^c4ot:f ^2^]5fe 

mx$>^. com. ^^(Du-^itm2 3tmwT^'& 
^ > 5 fcrSo r— ?ijccieg$ n/cxocDT u >r ytmM 

2 5. 2 7, 2 9^fi|x.rc^^. T U 3t?3^gi5 2 5 , 2 

7. 2 9os^cc*5i^r|HiD^ij(cig^$ti/cu-if7fe#. 

2 3;t)^6ffl«5fi7'ci^--if7t:o^-"-o(Dg7t.-& m^^tm 
5(tcm^xmm(omyt.^.p^, p.. — -^mmcnm 
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[0 06 5 ] [m2m^ '^X(>c. :^mmm(Dm2m^cr) 

-vmji^m: 1 0 0 Rz^m i 9 . 112 o jc^-r^g^&^e 
mfj^^ti^. m 1 occ^T^gccoi^ri^Bj 

h 3 3 (J. EEms^*^ 3 1 ^imr^Biomf)^ 

•^.c/Nix'- h 3 3{i. 1f>:7';l^jJ^;U^3 5^C^ft 

^tir. ai!'^ 1 0 7±tC-l2 h ^^n-So ^C*3. JEM* 

^„ #JEm7'>'^V;^^5^^:':7*3 7ti|p|SSa53 Q^WLri^ 
60 CCDEISSSPS Qii. II^mT-^:c/N3 icD^MtcS 

lHlSSgP3 9 ©rB^tC^^^^or^llJga (80m mfig) 
i?S2tiri^5o i^J:4b\ 02 0«, J±^»^^:«i/n3 1 CO 

[0 06 7 ];XtC. gI2 1 Cca-^l^T. 02MiC'(S^7fe 

mmtu^yemmmm {m2m^c^i^xu. lit 30 
^-r^ ( s 2 0 1 ) . yt^ii^mmt. ^^itmMYm^m 

U-1f3ti^l 0 l^il^-r-S (S 2 0 3) . ®2WC:fo 
l^r J^. 1 0 6 4 n raT'^^v^•;^;^ig ( P 

W) m<DYAG\y—^:^mm^nXi.^^. tKDYAGU 

-if(^. >'>';ux(DMOiiu;a^Sii3&^2 oHz'c&f:). ^'^^ 

;t';^tg?!)^'6 n s r-^f^ . >^^*>»lx;:^x^^;l/=^li3 0 0 ju J r 40 

[ 0 0 6 8 ] ;j^tc. ^inmnmmcom^^mmt ^ ( s 

2 0 5) o ^»T*f4lWf4cDi¥5:0^'ifJ^$n^i. ^om 

^mmnmun<D^m (u-if*L<z)Ai^M) ^^^eou- 

-ifT^LCDaTt.'ScD'MS:^ (^SJjM) ^^^f-S (S2 
0 7 ) o U'-1f^Lcr>«3t.-?,(?)^{i^ (^^MrS) m 
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[0 0 6 9 ] ^2 2^^$n^J:^6C. *i^(DU--lf3fe 

let. ^) t|3o;ayf^i^^^^f;f^4(7)®j;f*<b<Djli^ 
^CcfcO. *:)fe^U>Xl 0 5-C«*^ti/cU--1f5feL(D 

::^f'-V>\ 1 3<D^S6SxW»r*fmW*40®#f^=SlF^ 

<Z)U-1f7tL(Dll7^.n^.^ttSj it.^^Ml^j^J^'fiSJ^tl'OC 

1 1 lR?>'ZttX-r-t:^I 1 3^CcfcO^I?S$n^) ±&C 

iBgsti/;iigg-&i 0 7cc^ur»^7:c>'M^- h3 3(cffi 
J$^n/c^»}>(^mwf4*tsg-rs (s 2 0 9 ) . wks^ 

1 3^^itj$-t±r':7 4--:^;^PM^tf^ 

( s 2 1 1 ) . c crj*. ^.m^m \ ii^cx orf# 

6t^^Em«^'^?x/^3 lCD«®Sg^^^}i«^Tl 2 

(cS-iJti-C. 1 7d>e>W*f3^fc?t;!)5t^»r 

>rta+^*4a)affi±rM,^.^*g^ct^^czifi;^f*-->^i i 
3<Z)^tt(4g^^^o, X7^->>$ijj»Spi i5Cc|±J:^t* 

-So :^'r-''jmmui 1 5CS. ^«7=-^«aagpi 2 5 

t^h<D\^t}m^^cm-^^<.>x . zM{:^-T-t>\ \ 3(o^m 

^cfc^^cztt;^f--'>^ 1 1 s^fiJffliT^o 

[0 0 7 0] tl^^T^^il. 1 1 7 ;;?:>6tHi^^n/c7t:CD-7 ;f 

(S 2 1 3 ) . CCr«. ^»r*tm«f4(DiI^SD^*®»r 

/cC:f Zlifi;^-r-->^l 1 3 ^ u--t^*LCD7fett::^r^Cc^l6 
$ 1± ^ J: -5 CC . ^f*MiaJgP 1 2 7 X^^X f"- lyfmU 1 1 

1 1 bi)^zm:^7'-V\ 1 3c7)Stt{4g^*f]fiIT^. ± 
iBL/ccfcOfc, ^?J»T>tfa«f4cD;i^^C>^/ag|fi^*icmL 
n U — tf L (Omit^.(Dm.&^9rfm Z # X 
f'-v^l 1 3^U--1f^Lc7)7tl4:)?[^CCi^tt$-l^^C<l: 
(CJ:^. U--1f7icL(Z)m.'^,O^U»rStl^W4cDrtai-^<D 
iE^5^)^%7-rS (S2 1 5) « 

[0 07 1] \^-^ithcomit}^.(j:>mmnmm<D)HU 
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T'-V' 1 0 9R?>'YfMf'->^ 1 1 1 ^ ( S 

2 17)o U-lfjTlc?^! 0 l;0^6fflW$n/iiU-1f7K;L 

02 2C(:^$nSJ:5ce:. ^^ffl u>X i o 5 cc J: 

[0 07 2 ] ccr. mx^mm\m%i^t\^\^-^ 

*L^^. «7fefflU>Xl 0 5^C<:fcO, ia2 2^c^$ti^ 

Cii^^r^. lilSSS|53 9^U-1f:7feL3&^^««-r^Ci 

[0 0 7 3] V-^^U\(S\i:i^hmi^n^c\y-^% 
L^. JEmm^'^x/>3 1 (DF^SPtC^^-SP/^^fi^'T'^ 

(OWMM"^ ^ ^ ^ 3 1 CDl^^P^c ;fo t:f ^ ^1^.^^. P CD 
fif#(D^CC8S/Kci:^^';'^7SB^9;^>^f$fi£^n'2>o C<Di 

"m^nmm (BE«^T■^x>'^3 n ©^sao's 30 

[0 0 7 4];?CCC. EI2 3--02 7(cK':?t,i"C. l^-lf 

rifti^-r^o ^2 3^c^?n^BSi[:)7f*ff^*^co^W>^l^ 

L^MI^T^CiCCcfc^. EI2 4:^^'1^2 B^C^^tl-^) 
i^cc. ^KMm«f43 2cDP^g|5tcfc::f>Sll^.^.a^'-e 

<Dai^(DJ?fi^ces/h*^"7-^i?^*^9:i&im5n6„ $ 

"mmm^^A 3 2 cDS^::&rS] d ^mnt^ J: ^ cc . u 
if3feL<D^2^€>iit*^»r)Sr=ta**$43 2.(r>^nmm^ 

[0 0 7 5 ] l^-ifTfeiSl 0 \ iT^h\X\y-^it\^ii^f^y\y 
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9ra(Drara^^< or. jf$^5n^^^';;^si«9<D^ 
tCcfco. S2 7(c*3n^ct^^c. ^^:i^mm9f)K 

[0 07 6 ] ±MO/c§fMcD^er^^-^->5C?&^r^7^ 

y^mMQmm^ti^t (S2 1 9) . mm^Ytiw 

m9m^fS.^txfciimxmm^^ (s 2 2 1 ) « 
[0 0 7 7 ] :j)ccc. ia2 8-'ia3 2*#Mu-c. mmm 

f&i$ttfciif}mmun (j£s*^'^:c^%3 1 > 

:7-;l.^h;l'^3 5^CK^$n/c^x7^>'-- h 3 3 0Cf^f^$ 

^-I'Mm^mtbxu. nrnxm^KmcDT^^:^ 

x^-^^mi.^^Ct:^^X^^>. Tj:^^ g|2 8--gl3 2&C 
*5C^t:&*. lpIKgP3 9CD^^^^B§0rC>'So 

[0 07 8] lISm^^'^7x/^3 1 :fymwi^mc^s^ti 

^<t. 112 8iC7n$tx^<=t^cc. 5JgST€)Emf'/<^;^ 

9^yy'3 7(^cMftt^iiLm:^cm\^^ y^3 

Tl^<o m\^-^vt^3A^^m't^SMy'^'^^:^^y 

^fPiftSli^CiCcj:^, g|2 g^c^^n'^^fc^cc, GR 

^l^l- -:^ ^5'3 4(C^ai-r6E«T^>^>VX5^ y:7'3 7 (JE 
mS^•^x>'^3 1 ) ^PK«^-ti-^o i^^f^i- ^;;^3 4CC 
^3^SiT^JEm7^/^VX^ •y:7*3 7 ()±li*^^x/^3 
1) ^CRS^-f^'Si. 03 0CC.i^§n-5>J:^5C, 

[0 079] »DEE-=^- K>'U3 6:^^l'^7x/^^'- h3 3<Da 
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Emm^ >'^ 3 1 (DmmjSLZ>mmi r^s-r e c ^ ^ 

J:0. J±mm^0:cJ^3 1 03 1 (c^^n^J:^ 
Br^nr. KMf'^U :^^^^y'3 7:fy^EMm^0 :^^^3 

[0 08 0 ] J^^7^^^'-/;<^';':7'3 7;^>5jI^^^^:^y^ 

3 1 t^h^m^ti^tmm^^ yd^3 4^muK^- k 

;U3 6^'i?:I:^^^"- h 3 3 7&^6^n'S:fi'[^iC;^8& $ "ti 
K?l^^':^^3 4R?>*J)n)I:::.-F;l/3 6:05^i&-r'S 
^m$tlfcf£my'^'<'{:^^yy'3 7^tm\^^y^ 

3 4CCPR#UTCi^C0T\ EI 3 2 tCiS^tl^ J: ^ ^C. 

:t:>'N^^- h 3 3;!?>6JBSn^Citcfj:^. CcDit. ^ 

^^i^-^3 3cc^^3nrl^-sEEm^^^x^^3 1 m 

[0 0 8 1 ] CCDJC^CC. ||2t?«tC:feC^r{i. SlT^^b 

>Xl0 5&cj:?). !f5e:?Sl 0 l*ie»tH*t$ti/cU 

^N3 1) cDrt5isccf4g-r^J:5ccsi7^-r6c<t-e. n^t 

i^tifc^^ y ^mM9(oiiLm('Cx^Mmm:f)^^^^ 
ti^(Dx\ ^mm^mii>xis.< . ^^z^^^i^. ^yt: 

i>^^xis^<r^^. s/c. ytmm±mm. ^Mmi 

tc^'y y ^mm9(fC'iQ'yx^m^ri^(ox\ iTimoy^i^ 
^«iiyj}^<ommimm^cn'>ctt^x 
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[ 0 0 8 2 ] */c. mmm^i-Mmxiimmmtmcj: 

^tifc^'y y^mm^fS.ML^'^xytmMmm (eem 
m'F^:^^^3 I) ^mmr^(Dx\ mm^ntc^'yy ^ 
mM9(D^mcx^mimAimmc^m'r^cttf^ 

[0 08 3 ] ^/c. i]m^-Y}\^3^^mv^xitmm^ 

mA (Eli^^•^x^^3 1 ) (c:fL;:^;4ttl^-SciCcj; 

Xi.^h(DX. Jii^^^tltc^ V y ^%m.9(DiiLm^CXitm. 
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